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(54) METHOD FOR PRODUCING AN ELECTRICAL FEEDTHROUGH

(57) A method for producing an electrical

feedthrough (1) for an implantable medical device com-
prises: providing a plurality of conductors (2); arranging
said plurality of conductors (2) in an electrically insulating
material (7) such that the electrically insulating material
(7) encloses said plurality of conductors (2) to form a
subassembly (10) comprising said electrically insulating
material (7) and said plurality of conductors (2); prior to,

concurrently with or after said arranging, forming a bond-
ing layer (8) of a biocompatible metal material on a cir-
cumferential surface (70) of said electrically insulating
material (7); forming the electrical feedthrough (1) from
the sub-assembly (10); and connecting the electrical
feedthrough (1) to a flange element (9) by establishing a
connection between the bonding layer (8) and the flange
element (9).
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Description

[0001] The present invention relates to a method for
producing an electrical feedthrough, to an electrical
feedthrough as well as to an implantable medical device
comprising such an electrical feedthrough.

[0002] All implantable medical devices that provide
electrical stimulation or some sort of sensing functionality
must have some form of electronics that monitor the pa-
tient, provide therapy, or both. The device electronics are
generally not biocompatible and will cause adverse re-
actions with the patient if they were to come in direct or
indirect contact with the patient. Hence, typically an im-
plantable medical device comprises a titanium housing
to separate the device electronics from the patient. The
electronics must, however, have some direct electrical
connection with the patient, e.g. in order to emit stimula-
tion signals or to receive sense signals. The connection
can be made using a hermetically sealed electrical
feedthrough that allows for therapy to be applied to the
patient from the device electronics and biological signals
from the patient to be sensed by the device electronics.
The electrical feedthrough component is complex and
typically requires manual processes that significantly in-
crease the cost of the feedthrough and can impact the
quality of the feedthrough.

[0003] Known electrical feedthroughs often require in-
dividualinterconnects to be brazed to a ceramic structure
and typically involve a highly manual process and many
components.

[0004] Furthermore, complex machined shapes are
frequently required for supporting components (e.qg. tita-
nium flange). Also, electrical feedthroughs regularly com-
prise form factors that increase the circumferential path
length of the electrical feedthrough (e.g. oblong/rectan-
gular in shape) and reduce interconnect density.

[0005] Furthermore, solutions using multi-layered ce-
ramic technology require successive layer build up to en-
sure hermetic properties.

[0006] Based on the above, it is an objective of the
present invention to provide a method for producing an
electrical feedthrough, an electrical feedthrough and an
implantable medical device which allow for a simple, pref-
erably semi-continuous manufacturing process, and en-
able high density interconnects.

[0007] In one aspect, a method for producing an elec-
trical feedthrough for an implantable medical device com-
prises: providing a plurality of conductors; arranging said
plurality of conductors in an electrically insulating mate-
rial such that the electrically insulating material encloses
said plurality of conductors to form a subassembly com-
prising said electrically insulating material and said plu-
rality of conductors; prior to, concurrently with or after
said arranging, forming a bonding layer of a biocompat-
ible metal material on a circumferential surface of said
electrically insulating material; forming the electrical
feedthrough from the sub-assembly; and connecting the
electrical feedthrough to a flange element by establishing
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a connection between the bonding layer and the flange
element.

[0008] Accordingly, within the method a plurality of
conductors is arranged within an electrically insulating
material such that the electrically insulating material en-
closes the plurality of conductors. Prior to, concurrently
with or after arranging the plurality of conductors in the
electrically insulating material, a bonding layer is formed
on a circumferential surface of the electrically insulating
material, the bonding layer being made from a biocom-
patible material. In particular, the bonding layer may be
formed on the electrically insulating material prior to ar-
ranging the conductors in the electrically insulating ma-
terial. In another embodiment, the bonding layer may be
formed on the electrically insulating material after the plu-
rality of conductors already have been placed in the elec-
trically insulating material.

[0009] Fromtheassemblyformedby the electrical con-
ductors and the electrically insulating material the elec-
trical feedthrough is formed. By means of the bonding
layer, then, the electrical feedthrough is connected to a
flange element.

[0010] The bondinglayeris made from a biocompatible
material. In one embodiment, the bonding layer may be
formed from a palladium, platinum, platinum/iridium, nio-
bium, or gold metal material.

[0011] The electrical feedthrough may particularly be
formed to assume a disc shape. In particular, the elec-
trical feedthrough may be formed from the subassembly
comprising the electrically insulating material and the plu-
rality of conductors by cutting the subassembly into a
multiplicity of disc-shaped electrical feedthroughs.
[0012] In one embodiment, the disc-shaped electrical
feedthrough is flat along a plane perpendicular to an axis,
wherein the plurality of conductors extends through the
electrically insulating material along the axis. In particu-
lar, the conductors may extend through the electrically
insulating material such that a first face side of each con-
ductor is exposed on a front side of the electrical
feedthrough, and a second face side is exposed on a
back side of the electrical feedthrough. Hence, an elec-
trical connection to the electrical feedthrough may be es-
tablished on the front side and the backside by connect-
ing conductors, e.g. in the shape of conducting wires, to
the electrical conductors extending through the electrical
feedthrough.

[0013] In one embodiment, said forming the electrical
feedthrough from the subassembly includes compress-
ing the subassembly, and separating the subassembly
into a plurality of disc-shaped electrical feedthroughs,
particularly by cutting the (compressed) subassembly.
The compressing serves to remove voids within the elec-
trically insulating material, for example in between the
electrically insulating material and the conductors.
[0014] The (compressed) subassembly may in partic-
ular be separated into a plurality of electrical
feedthroughs each having a disc shape such that each
electrical feedthrough comprises a plurality of conductors



3 EP 4 169 570 A1 4

electrically insulated from one another by the insulating
material and extending from a front side to a back side
ofthe respective electrical feedthrough, wherein the elec-
trically insulating material encloses the respective con-
ductor laterally in a hermetically sealed fashion.

[0015] Preferably, in an embodiment, the arranging of
the electrical conductors within the electrically insulating
material is performed such that the subassembly and the
respective electrical feedthrough comprise a cylindrical
shape, respectively.

[0016] Particularly, compressing the subassembly is
performed with an appropriate pressure that particularly
may be chosen with regards to the properties of the layer
of an electrically insulating material such as constituents
(e.g., green sheet components, binder, solvent), mois-
ture and the like. Appropriate pressures may lie in the
range of 0.25 MPa to 0.75 MPa.

[0017] Inone embodiment, the subassembly is heated
e.g. after compressing the subassembly, particularly so
as to sinter the electrically insulating material, for exam-
ple a ceramic material, for example being made from a
ceramic tape or alumina green tape. Due to the heating,
a hermetic sealing of the feedthrough can be achieved.
In some embodiments, the subassembly is heated to a
temperature in the range of 600°C to 800°C, particularly
in case of a ceramic material, such as a ceramic tape,
comprising a LTCC (low-temperature-co-fired-ceramic).
In some embodiments, the subassembly is heated to a
temperature of at least 1200°C, particularly in case of a
ceramic material, such as a ceramic tape, comprising a
HTCC (high-temperature-co-fired-ceramic). In some em-
bodiments, the subassembly is heated to a temperature
of approx. 1000°C, in case of an electrically insulating
material in the shape of an alumina green tape.

[0018] The aforementioned heating may be conducted
before or after separating the subassembly into several
electrical feedthroughs. Preferably, the heating is con-
ducted before said separating.

[0019] In one embodiment, the step of connecting the
electrical feedthrough to the flange element includes the
forming of a weld connection in between the bonding
layer and the flange element. For example, in one em-
bodiment the feedthrough is placed in an opening of the
flange element, and a hermetically sealed connection be-
tween the bonding layer and a circumferential (inner) face
of the flange element surrounding the opening is estab-
lished. Herein, the feedthrough may be placed within the
opening for example at a controlled gap between the
flange element and the feedthrough. For forming the weld
connection for example a magnetic pulse welding proc-
ess may be employed, the weld connection being formed
by a weld seam extending circumferentially about the
feedthrough.

[0020] In one embodiment, the electrically insulating
material is one of or comprises one of:

- aluminium oxide (A1203),
- zirconium dioxide (ZrO2),
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- aglass,

- aglass composed of 45 wt% SiO2, 24.5 wt% CaO,
24.5 wt% Na20, and 6.0 wt% P205 (e.g. Bioglass),

- aglass comprising lanthanum,

- aceramics,

- a ceramics containing apatite and wollastonite as
predominant crystalline phases, (e.g. an apatite-wol-
lastonite (AW) glass-ceramics),

- silicon nitride (Si3N4),

- silicon carbide (SiC), and/or

- aluminium nitride (AIN).

[0021] In one embodiment, the electrically insulating
material may be provided in the shape of a layer, such
as a ceramic tape, particularly an alumina green tape.
[0022] In one embodiment, the providing of a plurality
of conductors includes arranging a plurality of conductors
on an outer surface of a (preferably cylindrical) rod such
that each conductor extends along a longitudinal axis of
the rod, particularly parallel to one another. The conduc-
tors may be fixed to the rod in a suitable manner, e.g. by
pressing them into the rod or pressing or drawing them
through a capillary. Alternatively, the conductors may be
made and thereby arranged by a photolithographic proc-
ess including depositing a metal layer and etching away
portions of the layer so as to form the individual conduc-
tors. According to another embodiment, the conductors
may printed, e.g. onto the rod, and thereby arranged.
[0023] In one embodiment, the rod is formed from or
comprises an electrically insulating material, for example
the same electrically insulating material that is used for
enclosing the electrical conductors. Particularly, the rod
can be formed from a ceramics or alumina material or
another suitable electrically insulating material.

[0024] In one embodiment, for arranging the plurality
of conductors in the electrically insulating material, a lay-
er of the electrically insulating material is wound such
that the layer encloses the plurality of conductors to form
the subassembly comprising the layer and the plurality
of conductors. The layer may for example be made from
a ceramics tape, such as an alumina green tape.
[0025] In one embodiment, subsequent to winding the
(first) layer to enclose a (first) arrangement of electrical
conductors, a further plurality of conductors is arranged
on an outer surface of said wound layer, and a further
layer of said electrically insulating material is wound
around said further plurality of conductors. After winding
the further layer, the subassembly formed in this way
may be compressed so as to remove voids between the
further layer and the conductors of said further plurality
of conductors, and also in between the (first, inner) layer
and the (first, inner) arrangement of electrical conductors
in order to remove voids between this layer and the elec-
trical conductors, if a compressing has not been per-
formed before.

[0026] In one embodiment, said further layer is a ce-
ramics tape, particularly an alumina green tape.

[0027] Particularly, in case a single layer of the elec-
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trically insulating material is wound onto a rod, the meth-
od can comprise a step in which, after compressing the
subassembly, the subassembly is heated, particularly,
so as to sinter the ceramics tape or alumina green tape
when used as electrically insulating layer.

[0028] In an embodimentin which a further layer of an
electrically insulating material is wound on a first, inner
layer, after compressing the further layer and said further
plurality of conductors enclosed laterally by the further
layer and prior to separating the electrical feedthroughs,
the entirety of layers and conductors can be heated for
achieving an hermetic sealing of the final feedthroughs,
particularly so as to sinter the ceramics tapes or alumina
green tapes (or other materials that need heating/sinter-
ing, see above).

[0029] By providing a further arrangement of conduc-
tors and a further layer for enclosing the further arrange-
ment of electrical conductors, electrical feedthroughs
may be formed having an increased number of electrical
conductors. A multi-layered subassembly herein may be
fired to e.g. sinter the alumina green tape (or alternative
material stated herein) and cut into discs of sufficient
thickness to create hermetic electrical feedthroughs.
[0030] In one embodiment, the step of providing said
plurality of conductors may include arranging a plurality
of conductors on a surface of a spread (e.g. flat) layer of
an electrically insulating material. Particularly, the con-
ductors are arranged on this layer such that they extend
parallel to one another. The conductors can be pressed
into the layer or fixed to the layer to simplify the winding
process.

[0031] In one embodiment, winding a layer of an elec-
trically insulating material may include winding the layer
in a spiral fashion, e.g. with conductors arranged thereon
such that the layer encloses said plurality of conductors
laterally to form a subassembly comprising said (spirally
wound) layer and said plurality of conductors therein.
Particularly, the wound layer may comprise several wind-
ings forming a spiral and enclosing said plurality of con-
ductors laterally by way of said winding.

[0032] Accordingto one embodiment, after compress-
ing the (spirally wound) subassembly (particularly to en-
sure that no voids are present between the conductors
and the wound layer), the subassembly may be heated
for achieving a hermetic sealing of the final electrical
feedthroughs. Particularly, said heating causes a sinter-
ing of the ceramics tape or alumina green tape (or of an
alternative electrically insulating material stated herein).
[0033] In one embodiment, the conductors of the re-
spective electrical feedthrough are formed out of or com-
prise one of the following materials: palladium (Pd), plat-
inum (Pt) platinum/iridium, niobium, gold, nickel or cop-
per.

[0034] Inone embodiment, each conductor of an elec-
trical feedthrough comprises an exposed face side on a
front side of the feedthrough and an exposed face side
on a back side of the feedthrough. The face sides on the
front side are preferably flush with the front side and the
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faces sides on the back side are preferably flush with the
back side of the electrical feedthrough (e.g. by way of
separating the individual electrical feedthrough from the
subassembly).

[0035] According to one embodiment, a tab of a sol-
derable material is laser welded to the face side of each
conductor on the back side of an electrical feedthrough
separated from the subassembly.

[0036] According to afurtherembodiment, an electron-
icmodule ofanimplantable medical device (e.g. a cardiac
pacemaker), particularly a printed circuitboard assembly
(PCBA), is soldered to the tabs. Particularly, the respec-
tive tab can be formed out of copper (Cu), wherein the
respective tab can comprise a surface plating such as
ENIG (for Electroless Nickel Immersion Gold). Such an
ENIG plating consists of an electroless nickel plating cov-
ered with a layer of immersion gold.

[0037] Inone embodiment, a header wiring element of
a header of the implantable medical device is laser weld-
ed to the face side of each conductor on the front side of
the feedthrough. In particular, the header may be config-
ured to connect atleastone component (e.g. an electrode
lead) to the implantable medical device (e.g. cardiac
pacemaker), so as to connect the component to an elec-
tronic module of the implantable medical device that is
enclosed by the housing.

[0038] In one embodiment, the insulating material di-
rectly contacts each of the plurality of conductors, i.e.
without a solder or the like between the conductor and
the insulating material.

[0039] In another aspect, an electrical feedthrough is
produced using the method as described above.

[0040] In yet another aspect, an assembly of an elec-
trical feedthrough for an implantable medical device com-
prises a plurality of conductors, wherein each conductor
comprises an exposed face side on a front side of the
electrical feedthrough and an exposed face side on a
back side of the electrical feedthrough; an electrically in-
sulating material enclosing said plurality of conductors
and forming a circumferential surface; a bonding layer of
a biocompatible metal material placed on said circumfer-
ential surface of said electrically insulating material; and
a flange element hermetically connected to the bonding
layer and configured to establish a hermetic connection
to a housing portion of a housing of the implantable med-
ical device.

[0041] According to a further aspect, an implantable
medical device, particularly animplantable cardiac pace-
maker, comprises an assembly comprising an electrical
feedthrough of the kind described before.

[0042] According to an embodiment of the implantable
medical device, a tab is connected, particularly laser
welded, to the face side of each conductor on the back
side of the feedthrough. Particularly, the respective tab
can be formed out of copper (Cu), wherein the respective
tab can comprise a surface plating such as ENIG (see
also above).

[0043] According to a further embodiment of the im-
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plantable medical device, the implantable medical device
comprises an electronic module (particularly a printed
circuit board assembly (PCBA)) that is connected, par-
ticularly soldered, to the tabs.

[0044] According to a further embodiment of the im-
plantable medical device, the implantable medical device
comprises a housing for accommodating the electronic
module.

[0045] Particularly, the housing comprises titanium or
a titanium alloy or is formed out of titanium or a titanium
alloy. Alternatively, the housing may comprise a biocom-
patible plastic such as LCP, silicone or epoxy or may be
formed out of the biocompatible plastic.

[0046] According to a further embodiment of the im-
plantable medical device, the electrical feedthrough is
connected to the housing via the flange element. Partic-
ularly, the flange element is formed out of titanium or a
titanium alloy or comprises titanium or a titanium alloy.
[0047] In one embodiment, the flange element is laser
welded to the housing.

[0048] According to a further embodiment of the im-
plantable medical device, the implantable medical device
comprises a header configured to provide an electrical
connection between a component of the implantable
medical device (such as an electrode lead, e.g. in case
the implantable medical device is an implantable cardiac
pacemaker) and the electronic module or PCBA en-
closed by the housing of the implantable medical device.
[0049] Further, according to an embodiment of the im-
plantable medical device, the header comprises header
wiring elements for electrically connecting the header to
the conductors of the electrical feedthrough, wherein
each header wiring element is laser welded to the face
side of a conductor of the electrical feedthrough on the
front side of the electrical feedthrough.

[0050] The various features and advantages of the
present invention may be more readily understood with
reference to the following detailed description and the
embodiments shown in the drawings. Herein,

Fig. 1 shows an embodiment of a method for pro-
ducing an electrical feedthrough according to
the present invention;

Fig. 2A  shows a front side of an electrical
feedthrough;

Fig. 2B shows a back side of the electrical
feedthrough;

Fig. 3 illustrates another embodiment of producing
an electrical feedthrough by winding a layer;
and

Fig. 4 illustrates a wound layer for producing an
electrical feedthrough;

Fig. 5 shows a subassembly formed by electrical
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conductors enclosed in an electrically insulat-
ing material;
Fig. 6 shows a cross-sectional view of a single con-
ductor of an embodiment of an electrical
feedthrough according to the present inven-
tion;

shows an embodiment of an electrical
feedthrough, comprising a bonding layer of a
biocompatible metal material on a circumfer-
ential outer surface of an electrically insulating
material;

Fig. 7

Fig. 8 shows the electrical feedthrough of Fig. 7 prior
to arranging the electrical feed-through in a
flange element for connecting the
feedthrough to a housing of an implantable
medical device;

Fig. 9 shows a view of the feedthrough arranged in
the flange element;

Fig. 10  shows a front view of the feedthrough ar-
ranged in the flange element;

Fig. 11 shows a schematic view of an implantable
medical device in a patient; and

Fig. 12  shows a schematic view of an implantable
medical device, comprising a header for con-
necting electrode leads to the implantable
medical device, and electronics enclosed in a
housing.

[0051] Subsequently, embodiments of the invention
shall be described in detail with reference to the drawings.
In the drawings, like reference numerals designate like
structural elements.

[0052] Itis to be noted that the embodiments are not
limiting for the invention, but merely representillustrative
examples.

[0053] Referringfirstto Fig. 11, animplantable medical
device 100, for example in the shape of a generator of a
stimulation device, such as a pacemaker device, may for
example be subcutaneously implanted in a patient P,
wherein for example electrode leads 101 may extend
from the implantable medical device 100 into a patient’s
heart to provide a therapeutic and/or diagnostic function
on the patient P.

[0054] Referring now to Fig. 12, an implantable medi-
cal device 100 generally comprises a housing 107 which
encloses functional components of the device, for exam-
ple electronics 104 and an energy storage 105, particu-
larly in the shape of a battery. The housing 107 herein
serves to enclose the components arranged therein in a
hermetic fashion, such that the components arranged in
the housing 107 may not come into contact with tissue
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and bodily fluids in the surrounding of the implantable
medical device 100.

[0055] The electrode leads 101 generally are connect-
ed to the implantable medical device 100, for example in
the shape of a generator of a stimulation device, by
means of plug connectors 102, into which connectors of
the leads 101 may be inserted in order to establish an
electrical connection in between the leads 101 and the
implantable medical device 100. The plug connectors
102 herein are arranged on a header of the implantable
medical device 100, wherein an electrical connection in
between contacts of the plug connectors 102 is to be
established to the device electronics 104.

[0056] For this, an electrical feedthrough 1 is provided
at a housing portion 108 separating the header from the
housing 107, the feedthrough 101 providing for an elec-
trical interconnection of connecting wires 103 on the side
of the header and connecting wires 106 on the side of
the housing 107, such that the plug connectors 102 are
by means of the feedthrough 1 electrically interconnected
with the electronics 104 encapsulated within the housing
107.

[0057] Fig. 1 illustrates an embodiment of a method
for manufacturing an electrical feedthrough 1 for an im-
plantable medical device 100.

[0058] AsshowninFig.1,a plurality of conductors (e.g.
in form of palladium or platinum wires) 2 is provided, par-
ticularly by arranging the individual conductor 2 on an
outer surface 4a of a rod 4 such that the conductors ex-
tend along a longitudinal axis z of the rod 4 as well as
parallel to one another (see Fig. 1 on the left).

[0059] Subsequently, a layer 3 comprising an electri-
cally insulating material 7, such as alumina, is placed on
the conductors 2 so that the latter are covered along the
circumference of the rod 4 (see Fig. 1 in the middle). The
layer 3 can be an alumina green tape. The rod 4 can also
be formed out of alumina. Other electrically insulating
materials can also be used for the layer 3 and rod 4.
[0060] By winding the layer 3 on the conductors 2, the
conductors 2 are laterally enclosed by the layer 3. In order
to eliminate voids between the conductors 2 and the layer
3 and the rod 4, the subassembly 10 consisting of the
conductors 2, the wound layer 3 and the rod 4 is com-
pressed (see Fig. 1 on the right).

[0061] The compressed rod 4, the conductors 2, and
the layer 3 can then have additional layers of conductors
(e.g. palladium or platinum wires) 2 and alumina green
sheet 3 added to the circumference to achieve the suffi-
cient quantities of interconnects. The cylindrical assem-
bly is then fired to sinter the alumina green tape and cut
into discs of sufficientthickness to produce hermetic elec-
trical feedthroughs 1.

[0062] The method as illustrated in Fig. 1 allows man-
ufacturing hermetic electrical feedthroughs 1 in a semi-
continuous process flow using e.g. ceramic green (e.g.
alumina) tape and conductors (e.g. metal traces or wire
comprising palladium or platinum) in/on the green tape.
[0063] An electrical feedthrough 1 produced in this way
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comprises, as illustrated in Figs. 2A and 2B, a front side
1a having exposed face sides 2a of the conductors 2
(see Fig. 2A) as well as a back side 1b having exposed
face sides 2b of the conductors 2 (see Fig. 2B). The face
sides 2a, 2b of the conductors 2 can be electrically con-
tacted, as will be described in more detail below in con-
junction with Fig. 6.

[0064] Figs. 3 to 5illustrate a further embodiment of a
method for manufacturing a feedthrough 1.

[0065] In this embodiment, the electrical feedthroughs
1 are produced by spirally rolling alayer 3 of an electrically
insulating material 7 (e.g. an alumina green tape). As
shown in Fig. 3 conductors 2 (e.g. palladium or platinum
wires) are arranged on a surface 3a of the spread layer
3. Particularly, the conductors 2 (Pt, Pd, etc.) may be
pressed into and distributed along the length of the layer
3, wherein a spacing between the conductors 2 can be
constant (as shown in Fig, 3), or may be variable depend-
ing e.g. on design optimization.

[0066] Once the conductors 2 are arranged on the
spread-out layer 3, the layer 3 (e.g. ceramic or alumina
green tape) and conductors 2 thereon can be cut to a
desired size if necessary. Thereafter, the layer 3 is rolled
to form a spiral thereby enclosing the conductors 2 as
shown in Fig. 4.

[0067] A subassembly 10 formed by means of the
method as illustrated in Fig. 1 or by means of the method
asillustratedin Figs. 3 to 5 may be compressed toremove
voids and heated to sinter the electrically insulating ma-
terial to yield a hermetic structure. The compressed and
heated subassembly 10 can then be separated into in-
dividual electrical feedthroughs 1 (e.g. by cutting along
the dashed line C as shown in Fig. 5). The feedthroughs
1 each comprise afrontside 1a and a back side 1b having
exposed face sides 2a, 2b (cf. also Fig. 2A and 2B) of
the conductors 2 that can be electrically contacted.
[0068] While soldering connections may be estab-
lished directly on the face sides 2a, 2b of the conductors
2, due to a potential formation of brittle intermetallics of
Pd and Sn it is not preferred to form a direct solder con-
nection to the exposed surfaces of the hermetic
feedthrough’s conductors 2. To enable connection of the
feedthrough 1 to an electronic module or printed circuit
boards assembly (PCBA) in the medical device, one ap-
proach shown in Fig. 6 is to laser-weld a tab 5 of a sol-
derable material (e.g. such as Cu with an ENIG surface
finish) to the face side 2b of the respective conductor 2
on the back side 1b of the feedthrough 1, which tab 5 is
beneficially of substantially the same size as the exposed
face side 2b of the associated conductor 2. Fig. 6 illus-
trates a corresponding weld seam 50.

[0069] The respective tab 5 then may be used to form
a solder joint with the electronic module/PCBA. Particu-
larly, the process of attaching the respective tab 5 to the
cylindrical disc feedthrough 1 can be automated with use
of alignment fixtures and laser welding on an x-y stage
with multiple feedthroughs 1 on the fixture.

[0070] A connection with an external header wiring el-
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ement 6 may be formed by laser welding the wiring ele-
ment 6 to the corresponding face side 2a of a conductor
2 on the front side 1a of the feedthrough 1, as shown in
Fig. 6. Also shown is the weld seam 60 between the wiring
element 6 and the conductor 2.

[0071] For connecting a feedthrough 1 to an associat-
ed housing portion 108 of a housing 107 of animplantable
medical device 100, the feedthrough 1 is received in a
flange element 9, as this is shown in Figs. 7 to 10. Herein,
the flange element 9 may be formed from a titanium or
titanium alloy material and allows for laser welding onto
atitanium or titanium alloy housing 107 of the implantable
medical device 100.

[0072] In order to provide a hermetic arrangement of
the feedthrough 1 on the housing 107, the connection
with the flange element 9 needs to be hermetic. Hence,
for connecting the feedthrough 1 with the flange element
9, the feedthrough 1 is placed within an opening 91 of
the flange element 9 circumferentially surrounded by a
circumferential face 90, the flange element 9 in the shown
embodiment comprising a ring shape for receiving the
cylindrical feedthrough 1.

[0073] For establishing a connection in between the
feedthrough 1 and the flange element 9, a bonding layer
8 is provided on an outer surface 70 of the electrically
insulating material 7 enclosing the conductors 2. The
bonding layer 8 is made from a biocompatible metal ma-
terial, for example a palladium metal material, such that
a contact of the bonding layer 8 with tissue or bodily fluids
does not cause adverse effects to the patient.

[0074] Referring again to Fig. 1, the bonding layer 8
may be formed on an outer surface 70 of the layer 3 of
the electrically insulating material 7 prior to enclosing the
electrical conductors 2 using the layer 3. In another em-
bodiment, the bonding layer 80 may be formed on the
surface 70 of the electrically insulating material 7 after
enclosing the conductors 2 with the layer 3, potentially
after compressing and heating the layer 3.

[0075] Referring now again to Figs. 7 to 10, by means
of the bonding layer 8 the feedthrough 1 is connected to
the flange element 9 by forming a weld connection 92 in
the shape of a weld seam within a gap in between the
bonding layer 8 and the circumferential face 90 of the
flange element 9. The weld seam surrounds the
feedthrough 1, such that the gap in between the bonding
layer 8 and the flange element 9 is closed and the
feedthrough 1 is hermetically connected to the flange el-
ement 9.

[0076] The manufacturing process described herein
advantageously allows use of continuous components
for manufacture of electrical feedthroughs 1 by e.g. suit-
ably rolling of e.g. ceramic green sheet 3 and metal traces
2 to yield a cylindrical shaped electrical feedthrough 1
with a simple manufacturing method.

[0077] By providing the bonding layer 8, no brazing is
required for connecting the feedthrough 1 to a housing
107 of an implantable medical device 100. Rather, a weld
connection may be formed in between the bonding layer
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8 and the flange element 9 receiving the feedthrough 1,
hence easing manufacturing and rendering the manu-
facturing process reliable, while allowing for a low-cost
and high-volume procedure.

[0078] Electrical feedthroughs 1 produced as de-
scribed herein may comprise a high interconnect density.
Furthermore, a highly automatable semi-continuous
process flow with reducing manufacturing complexity can
be used. Furthermore, processing and costs of other
components, such as the titanium flange, can be re-
duced.

[0079] It should be noted that the feedthrough 1 may
comprise a shape different from a cylindrical shape, such
as a substantially rectangular shape.

LIST OF REFERENCE NUMERALS

[0080]

1 Feedthrough

1a Front side

1b Back side

10 Subassembly

2 Conductors
2a,2b  Face sides

3 Layer

3a Surface

4 Rod

4a Surface

5 Tab

50 Weld seam

6 Wiring element
60 Weld seam

7 Insulating material
70 Surface

8 Bonding layer

9 Weld flange

90 Circumferential face
91 Opening

100 Implantable medical device
101 Lead

102 Connector

103 Connecting wire
104 Device electronics
105 Energy storage
106 Connecting wire
107 Housing

108 Housing portion

H Heart

P Patient

z Axis

Claims

1. A method for producing an electrical feedthrough (1)
for an implantable medical device, comprising:
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providing a plurality of conductors (2);
arranging said plurality of conductors (2) in an
electrically insulating material (7) such that the
electrically insulating material (7) encloses said
plurality of conductors (2) to form a subassembly
(10) comprising said electrically insulating ma-
terial (7) and said plurality of conductors (2);
prior to, concurrently with or after said arranging,
forming a bonding layer (8) of a biocompatible
metal material on a circumferential surface (70)
of said electrically insulating material (7);
forming the electrical feedthrough (1) from the
sub-assembly (10); and

connecting the electrical feedthrough (1) to a
flange element (9) by establishing a connection
between the bonding layer (8) and the flange
element (9).

The method according to claim 1, wherein said form-
ing the electrical feedthrough (1) from the sub-as-
sembly (10) includes: forming the feedthrough (1) to
have a disc-shape.

The method according to claim 2, wherein said disc-
shape is flat along a plane perpendicular to an axis
(z), said plurality of conductors (2) extending through
the electrically insulating material (7) along said axis

().

The method according to one of claims 1 to 3, where-
in said forming the electrical feedthrough (1) from
the sub-assembly (10) includes:

compressing the subassembly (10), and
separating the subassembly (10) into a plurality
of disc-shaped electrical feedthroughs (1).

The method according to claim 4, wherein after com-
pressing the subassembly (10) the subassembly
(10) is heated.

The method according to one of the preceding
claims, wherein said connecting the electrical
feedthrough (1) to the flange element (9) includes:
forming a weld connection in between the bonding
layer (8) and the flange element (9).

The method according to one of the preceding
claims, wherein said connecting the electrical
feedthrough (1) to the flange element (9) includes:
placing the feedthrough (1) in an opening (91) of the
flange element (9) and establishing a hermetically
sealed connection between the bonding layer (8) and
a circumferential face (90) of the flange element (9)
extending about said opening (91).

The method according to one of the preceding
claims, wherein the electrically insulating material (7)
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10.

1.

12.

13.

14.

15.

is one of or comprises at least one of: aluminium
oxide, zirconium dioxide, a glass, a glass composed
of 45 wt% Si02, 24.5 wt% CaO, 24.5 wt% Na20,
and 6.0 wt% P205, a glass comprising lanthanum,
a ceramics, a ceramics containing apatite and wol-
lastonite as predominant crystalline phases, silicon
nitride, and silicon carbide, aluminium nitride.

The method according to one of the preceding
claims, wherein the providing the plurality of conduc-
tors (2) includes: arranging the plurality of conduc-
tors (2) on an outer surface (4a) of a rod (4) such
that each conductor (2) extends along a longitudinal
axis (z) of the rod (4).

The method according to one of the preceding
claims, wherein said arranging said plurality of con-
ductors (2) in said electrically insulating material (7)
includes: winding a layer (3) comprising the electri-
cally insulating material (7), such that the layer (3)
encloses said plurality of conductors (2) to form said
subassembly (10) comprising said layer (3) and said
plurality of conductors (2).

The method according to claim 10, wherein said lay-
er (3) is a ceramics tape, particularly an alumina
green tape.

The method according to claims 10 or 11, wherein
the method further comprises:

arranging a further plurality of conductors on an
outer surface of said layer (3) and

winding a further layer comprising an electrically
insulating material around said further plurality
of conductors to form said subassembly, and
compressing the subassembly.

The method according to one of claims 10 to 12,
wherein said winding said layer (3) includes: winding
the layer (3) in a spiral fashion with the conductors
(2) arranged thereon such that the layer (3) encloses
said plurality of conductors (2) to form said sub-
assembly (10) comprising said layer (3) and said plu-
rality of conductors (2).

An electrical feedthrough (1) produced using the
method according to one of the preceding claims.

An assembly of an electrical feedthrough (1) for an
implantable medical device, comprising:

a plurality of conductors (2), wherein each con-
ductor (2) comprises an exposed face side (2a)
on a front side (1a) of the electrical feedthrough
(1)and an exposed face side (2b) on a back side
(1b) of the electrical feedthrough (1);

an electrically insulating material (7) enclosing
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said plurality of conductors (2) and forming a
circumferential surface (70);

abonding layer (8) of a biocompatible metal ma-
terial placed on said circumferential surface (70)
of said electrically insulating material (7); and
a flange element (9) hermetically connected to
the bonding layer (8) and configured to establish
a hermetic connection to a housing portion (108)
of a housing (107) of the implantable medical
device (100).
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